Abstract-We use instrumental quantile regression approach to examine the effects of 401(k) plans on wealth using data from the Survey of Income and Program Participation. Using 401(k) eligibility as an instrument for 401(k) participation, we estimate the quantile treatment effects of participation in a 401(k) plan on several measures of wealth. The results show the effects of 401(k) participation on net financial assets are positive and significant over the entire range of the asset distribution, and that the increase in the low tail of the assets distribution appears to translate completely into an increase in wealth. However, there is significant evidence of substitution from other forms of wealth in the upper tail of the distribution.
I. Introduction
I N the early 1980s, the United States introduced several tax-deferred savings options in an effort to increase individual saving for retirement. The two options which have generated the most interest are individual retirement accounts (IRAs) and 401(k) plans. Tax-deferred IRAs and 401(k) plans are similar in that both allow the individual to deduct contributions from taxable income and allow taxfree accrual of interest on assets held within the plan. The key differences between the two savings options are that employers provide 401(k) plans, and employers may also match a certain percentage of an employee's contribution. Because 401(k) plans are provided by employers, only workers in firms offering plans are eligible for participation, whereas participation in IRAs is open to everyone. 1 Though it is clear that 401(k) plans and, to a lesser extent, IRAs are widely used as vehicles for retirement saving, their effect on assets is less clear. The key problem in determining the effect of participation in IRA and 401(k) plans on accumulated assets is saver heterogeneity coupled with nonrandom selection into participation states. In particular, it is generally recognized that some people have a higher preference for saving than others. Thus, it seems likely that those individuals with the highest unobserved preference for saving would be most likely to choose to participate in tax-advantaged retirement savings plans and would also have higher savings in other assets than individuals with lower unobserved saving propensity. This implies that conventional estimates that do not allow for saver heterogeneity and selection of the participation state will be biased upward, tending to overstate the actual savings effects of 401(k) and IRA participation.
This problem has long been recognized in the savings literature and has led to numerous important studies. In a series of articles, Poterba, Venti, and Wise (1994 , 1995 use comparisons between groups based on eligibility for 401(k) participation. They argue that 401(k) eligibility can be taken as exogenous given income. The argument is motivated by the fact that eligibility is determined by the employer, and so may be taken as exogenous conditional on covariates. Poterba et al. (1996) give an overview of suggestive evidence based on preprogram savings used to substantiate this claim, and report mean and median regression estimates of the effect of 401(k) eligibility on household net financial assets. The results show that 401(k) eligibility has significant and positive effects on net financial assets. Based on the assumed exogeneity of 401(k) eligibility, they attribute this difference to the causal effect of 401(k) eligibility on savings. 2 Recent work by Benjamin (2003) examines the effects of eligibility on savings using matching based on the propensity score and finds positive, although much more modest, effects of 401(k) eligibility on assets. 3 A similar approach, which we follow in this paper, is that of Abadie (2003) . Abadie, assuming that eligibility for a 401(k) is exogenous given income (and other covariates), uses 401(k) eligibility as an instrument for 401(k) participation in order to estimate the effect of 401(k) participation, not eligibility, on net financial assets. Abadie uses a novel semiparametric estimator which estimates the average effect for compliers. 4 Because only individuals eligible for a 401(k) can participate, the average effect for compliers also corresponds to the average effect for the treated. Abadie's results suggest that the average effect for the treated of 401(k) participation is significant and positive.
One drawback of all of these studies is that they focus the analysis on measures of central tendency: the mean or the median. Though the mean and median effects are interesting and important measures in determining a program's impact, they are not sufficient to fully characterize the effect of the treatment except under very restrictive conditions. In particular, they are uninformative about the effect of the treatment on other, perhaps more interesting, points in the outcome distribution when the treatment effect is heterogeneous. Understanding the distributional effect of 401(k) plans is especially interesting from a policy perspective, in that policymakers may be particularly concerned about the effect of 401(k) plans on the lower part of the wealth distribution. In addition, knowledge of the distributional effect of a program provides a clearer picture of what is driving the mean results.
As with estimates of the mean effect, the analysis of the distributional effect is complicated by the possibility that individuals choose whether or not to participate in a 401(k) according to their unobserved preferences for saving. One estimator which would allow a fuller characterization of the effect of a heterogeneous treatment given treatment exogeneity is the quantile regression estimator of Koenker and Bassett (1978) . However, the self-selection of the participation state makes the conventional quantile regression estimator inappropriate. 5 In this paper, we contribute to the extensive existing literature of the effect of 401(k) plans on wealth by analyzing the effect of 401(k) participation on the entire wealth distribution. Using the reasoning of Poterba et al. (1994 Poterba et al. ( , 1995 Poterba et al. ( , 1996 and Abadie (2003) outlined above, we use 401(k) eligibility as an instrument for 401(k) participation in order to estimate the effect of participating in a 401(k) on various measures of wealth. To do this, we employ a model and an estimator developed in Chernozhukov and Hansen (2001) . The model provides a set of assumptions under which the conditional quantiles of the outcome distribution may be recovered from a set of statistical moment equations through the use of instrumental variables. The estimator we use is computationally convenient for linear quantile models and can be computed through a series of conventional linear quantile regressions. Chernozhukov and Hansen (2001) demonstrate that the estimator is consistent under endogeneity and treatment effect heterogeneity. Thus, this paper provides an important complement to the work discussed above, which focuses on estimating the effect of 401(k) plans on the center of the outcome distribution. Also, due to the binary nature of both the participation decision and the eligibility instrument, the approach developed by Abadie, Angrist, and Imbens (2002) to estimate quantile effects for binary treatments under endogeneity also applies. We present estimates obtained through both procedures to provide both a robustness check and a comparison of the two approaches. We find that the results are very similar using either estimation procedure.
The instrumental quantile regression estimates indicate that there is considerable heterogeneity in the effect of 401(k) participation on net financial assets, with the treatment effect increasing monotonically as one moves from the lower to the upper tail of the asset distribution. The results are also uniformly positive and significant, suggesting that 401(k) participation increases net financial assets across the entire distribution. The effect of participation on total wealth is positive and approximately constant for all quantiles. In addition, it is of the same magnitude as the effect of participation on net financial assets for low quantiles, but is substantially smaller than that of participation on the upper quantiles of net financial assets. These results suggest that the increase in net financial assets observed in the lower tail of the conditional assets distribution can be interpreted as an increase in wealth, whereas the increase in the upper tail of the distribution is mitigated by substitution with some other component of wealth. The effect of participation on net non-401(k) financial assets is uniformly insignificant, which suggests there is little substitution for 401(k) assets along this dimension of wealth. 6 The remainder of the paper is organized as follows. Section II reviews the model of quantile treatment effects of Chernozhukov and Hansen (2001) and demonstrates how an empirical model for assets may be embedded in the model. In section III, the data used in the empirical analysis are described. Section IV presents the empirical results and compares the results from the estimator of Chernozhukov and Hansen (2001) with those obtained with the estimator of Abadie, Angrist, and Imbens (2002) , and Section V concludes.
II. An Instrumental Variable Model for Quantile Treatment Effects
In the following, we briefly present the assumptions and main implications of the instrumental variables model of quantile treatment effects developed in Chernozhukov and Hansen (2001) . We then show how an empirical model of savings decisions may be embedded in this framework. This discussion helps illustrate the interpretation of the estimates of the model, especially the interpretation of the quantile index , and isolates the key identifying assumptions.
A. Potential Outcomes and the Quantile Treatment Effects
The model is developed within the conventional potential (latent) outcome framework. Amemiya (1982) and its extension to quantile regression by Chen and Portnoy (1996) inconsistent. The inconsistency was first demonstrated by Chernozhukov and Hansen (2001) . 6 Net non-401(k) financial assets are net financial assets minus 401(k) balances. More details about the wealth measures are found in the description of the data in section III. outcomes vector {Y d } is observed for each observational unit.
Though there are many features of the distributions of potential outcomes that may be interesting, we focus on the quantiles of potential outcomes conditional on covariates X, 7 ͕Q Yd ͉͑x͒, ʦ ͑0, 1͖͒, and the quantile treatment effects (QTEs) that summarize the difference between the quantiles under different treatments (for example, Doksum, 1974) : Chernozhukov and Hansen (2001) , briefly presented below, states the conditions under which we can recover the quantiles of latent outcomes through a set of conditional moment restrictions.
B. The Instrumental Quantile Treatment Model
We build the model from the basic Skorohod representation of latent outcomes Y d , which yields for each d given
and
This representation is essential to the rest of the analysis. The variable U d is responsible for heterogeneity of outcomes for individuals with the same observed characteristics x and treatment d. It also determines their relative ranking in terms of potential outcomes. Hence we will call U d the rank variable, and may think of it as representing some innate ability or level of preference. This allows interpretation of the QTE as the treatment effect for people with a given rank in the distribution of U d , making quantile analysis an interesting tool for describing and learning the structure of heterogeneous treatment effects.
The model consists of five main conditions (some are representations) that hold jointly. THE IVQT MODEL: Given a common probability space (⍀, F, P), for P-almost every value of X, Z, where X represents covariates and Z represents excluded instruments, the following conditions A1-A5 hold jointly:
where q(d, x, ) is strictly increasing and leftcontinuous in . Chernozhukov and Hansen (2001) demonstrate that the following result is an implication of the IVQT model.
Theorem 1 (Main statistical implications).
Suppose conditions A1-A5 hold. Then, for any ʦ (0, 1), a.s.,
This result provides an important link of the parameters of the IVQT model to a set of conditional moment equations which are used by Chernozhukov and Hansen (2001) to develop identification conditions for the IVQT model as well as for estimation and inference. In addition, Chernozhukov and Hansen (2001) give an extensive discussion of the IVQT model, its assumptions, and its identification. That discussion will not be repeated here, but it is important to note that the assumptions of the IVQT model differ from those in other models with endogeneity and heterogeneous 7 We use Q Y (͉x) and f Y ( y͉x) to denote the conditional -quantile and density of Y given X ϭ x. Capitals such as Y denote random variables, and lowercase letters such as y denote the values they take. 8 The basic Skorohod representation states that, given a collection of variables { j }, each variable j can be represented as, a.s.,
Recall that Q j () denotes the -quantile of variable j . 
by the Skorohod representation of random variables, where
is the conditional quantile function of Y d , and U d is an unobserved random variable. Following the discussion in section IIB, we will refer to U d as the preference for saving and thus interpret the quantile index as indexing rank in the preference-for-saving distribution. 10 The individual selects the 401(k) participation state to maximize expected utility:
where W{ y, d} is the unobserved Bernoulli utility function. As a result, the participation decision is represented by
where Z and X are observed, V is an unobserved information component that depends on the rank U d and includes other unobserved variables that affect the participation state, and the function ␦ is unknown. Thus this model is a special case of the IVQT model. In this model, the independence condition A2 only requires that U d be independent of Z, conditional on X.
The simplest form of rank similarity is rank invariance, under which the preference-for-saving vector U d may be collapsed to a single random variable:
In this case, a single preference for saving is responsible for an individual's ranking across all treatment states. It is important to note that U is defined relative to observationally identical people (individuals with the same X and Z). Rank invariance has been used in many interesting models without endogeneity, 11 and traditional simultaneous equations models are built assuming rank invariance. However, as noted in Heckman and Smith (1997) , rank invariance may be implausible on logical grounds in that it implies that the potential outcomes Y d are not truly multivariate, but have a jointly degenerate distribution.
The similarity condition A4 is a more general form of rank invariance-it relaxes the exact invariance of ranks U d across d by allowing noisy, unsystematic variations of U d across d, conditional on (V, X, Z). This relaxation allows for variation in the ranks across the treatment states, requiring only a rank invariance in expectation. Therefore, similarity accommodates general multivariate models of outcomes. It states that given the information in (V, X, Z) employed to make the selection of treatment D, the expectations of any function of the rank U d does not vary across the treatment states. That is, ex ante, conditional on (V, X, Z), the ranks may be considered to be the same across potential treatments, but the realized, ex post rank may be different across treatment states.
From an econometric perspective, the similarity assumption is nothing but a restriction on the evolution on the unobserved heterogeneity component which precludes systematic variation of U d across the treatment states. Similarity allows interpretation of the quantile treatment effect as the treatment effect holding the level of unobserved heterogeneity constant across the treatment states:
Because changes in U d across d are assumed to be asystematic, the quantile treatment effect not only summarizes the distributional effect but also the actual likely treatment effect.
To be more concrete, consider the following simple example where Amemiya (1982) , Heckman and Robb (1986) , Angrist (1994), and Vytlacil (2000) . 10 Because the outcomes of interest are all measures of accumulated wealth, perhaps more appropriate, but more cumbersome, terminology would be preference for accumulated assets. In addition, if there are unobservable factors besides preferences, then this interpretation of U d and is incorrect, and should be only interpreted as indexing rank in the conditional distribution of Y d given x. For simplicity and clarity, we will refer to U d and as relating to preference for saving throughout the rest of the paper.
11 For example, Doksum (1974) and Heckman and Smith (1997) .
ence, and d is a noisy adjustment. 12 This more general assumption leaves the individual optimization problem (3) unaffected, while allowing variation in an individual's rank across different potential outcomes. Though we feel that similarity may be a reasonable assumption in many contexts, imposing similarity is not innocuous. In the context of 401(k) participation, matching practices of employers could jeopardize the validity of the similarity assumption. This is because individuals in firms with high match rates may be expected to have a higher rank in the asset distribution than workers in firms with less generous match rates. This suggests that the distribution of U d may be different across the treatment states.
Similarity may still hold in the presence of the employer match if the rank U d in the asset distribution is insensitive to the match rate. The rank may be insensitive if, for example, individuals follow simple rules of thumb such as target saving when they make their savings decisions. Also, if the variation of match rates is small relative to the variation of individual heterogeneity or if the covariates capture most of the variation in match rates, then similarity will be satisfied approximately. Because the model is justidentified in our data, specification tests based on the implications of theorem 1 may not be used to perform overidentifying tests. However, the quantile treatment effects model and estimator of Abadie et al. (2002) , which apply only to binary treatment variables, provide a useful robustness check. Though the approach of Abadie et al. (2002) and the approach presented in this paper generally identify and estimate different quantities, they will estimate the same thing when the assumptions of both models, including similarity, are satisfied and the set of compliers is representative of the population. If these conditions are not met, then the two estimators will in general have different probability limits, suggesting that a comparison of results based on the two models will provide evidence on the plausibility of these assumptions. Comparisons between the two estimators are presented with the empirical results in section IV. The results from the two estimators are very similar, suggesting that employer matching does not result in a serious violation of rank similarity.
III. The Data
To estimate the QTE, we use data on a sample of households from wave 4 of the 1990 Survey of Income and Program Participation (SIPP). 13 The sample is limited to households in which the reference person is 25-64 years old, in which at least one person is employed, and in which no one is self-employed. 14 The sample consists of 9915 households, and all dollar amounts are in 1991 dollars.
The 1991 SIPP reports household financial data across a range of asset categories. These data include a variable for whether a person works for a firm that offers a 401(k) plan. Households in which a member works for such a firm are classified as eligible for a 401(k). In addition, the survey also records the amount of 401(k) assets. Households with a positive 401(k) balance are classified as participants, and eligible households with a zero balance are considered nonparticipants.
There are several possible measures of wealth in the 1991 SIPP; we choose to focus our analysis on total wealth, net financial assets, and net non-401(k) financial assets. Net non-401(k) assets are defined as the sum of checking accounts, U.S. saving bonds, other interest-earning accounts in banks and other financial institutions, other interestearning assets (such as bonds held personally), stocks and mutual funds less nonmortgage debt, and IRA balances. Net financial assets are net non-401(k) financial assets plus 401(k) balances, and total wealth is net financial assets plus housing equity and the value of business, property, and motor vehicles. 15 We use the same set of covariates as Benjamin (2003) . Specifically, we use age, income, family size, education, marital status, two-earner status, defined benefit (DB) pension status, IRA participation status, and homeownership status. Marital status, two-earner status, DB pension status, IRA participation status, and homeownership status are binary variables; two-earner status indicates whether both household heads, where two are present, contribute to household income, and DB pension status indicates whether the household's employer offers a DB pension plan. The education variable measures the number of years of school completed by the household reference person, and for the analysis we have categorized this variable into four groups: less than 12 years, 12 years, 13-15 years, and 16 or more years. Households are classified as IRA participants if they have positive IRA asset balances, and households are classified as homeowners if the household has a positive home value. In addition, in the estimates reported below, we control for age using categorical variables: less than 30 years old, 30-35 years old, 36-44 years old, 45-54 years old, and 55 years old or older. Following Poterba, Venti, and Wise (1995), we control for income through the use of seven categorical variables. The income intervals are as follows: Ͻ$10K, $10-20K, $20-30K, $30-40K, $40-50K, $50-75K, and Ͼ$75K.
12 Clearly, similarity holds in this case: X, and Z. 13 This sample has been used extensively to study the effect of 401(k) plans on wealth. See, for example, Benjamin (2003) , Abadie (2003) , Engen and Gale (2000) , Engen et al. (1996) , and Poterba et al. (1994 Poterba et al. ( , 1995 Poterba et al. ( , 1996 . The sample is often referred to as the 1991 SIPP, because the data were collected between February and May of 1991.
14 Analyses are restricted to this sample because the SIPP only asks 401(k) questions of people 25 and older, because retirement and saving behavior of people over 65 would complicate the analysis, and because the self-employed and unemployed do not have access to 401(k)s. The household reference person is the person in whose name the family's home is owned or rented. 15 Housing equity is defined as housing value less mortgage. Table 1 contains descriptive statistics for the full sample as well as by eligibility and participation status. Of the sample, 37% is eligible for a 401(k) plan and 26% chooses to participate. Among those eligible for a 401(k) account, the participation rate is 70%. The descriptive statistics indicate that participants have larger holdings of all measures of wealth that we consider. As expected, the means of all of the wealth variables are substantially larger than their medians, indicating the high degree of skewness in wealth. The means also show that 401(k) participants have more income, are more likely to be married, are more likely to have IRAs and defined benefit pensions, are more likely to be homeowners, and are more educated than nonparticipants. Average age and family size are similar between the two groups. Descriptive statistics for the dependent variables by income category are also provided in table 2.
IV. Empirical Results

A. Estimation and Inference Procedures
To capture the effects of 401(k) participation on net financial assets, we estimate linear quantile models of the form
where d indicates 401(k) participation status and is instrumented for by 401(k) eligibility, following Abadie (2003) and Poterba et al. (1994 Poterba et al. ( , 1995 Poterba et al. ( , 1996 . 16 The outcomes Y are the three previously mentioned measures of wealth [total wealth, net financial assets, and net non-401(k) financial assets], and X consists of dummies for income category, dummies for age category, dummies for education category, a marital status indicator, family size, two-earner status, DB pension status, IRA participation status, homeownership status, and a constant. 17 To more fully control for income, we also consider estimates obtained within each income category. In these cases, the income category dummies are omitted and a linear term in income is included to take account of any remaining variation within income category.
The main results reported below are for the standard quantile regression (QR) estimator and the instrumental quantile regression (IQR) estimator of Chernozhukov and Hansen (2001) , which corrects for the endogeneity of 401(k) participation under the assumptions of the model presented in section II of this paper. The IQR estimator may be viewed as a convenient method of approximately solving the sample analog of the moment equations (2): 18
When the model is just identified, the IQR estimator for a given quantile may be computed as follows: 
Chernozhukov and Hansen (2001) also provides further details covering estimation and asymptotic theory in the general, potentially overidentified model. Estimates of the QTE ␣() for many different points also provide an estimate of the QTE process ␣٪ which treats ␣ as a function of . 19 Knowledge of the QTE process allows formal testing of a number of interesting hypotheses. These include the constant-effect hypothesis [␣٪ ϭ ␣], of which the hypothesis of no effect [␣٪ ϭ 0] is a special case, and the hypothesis of no endogeneity [␣٪ ϭ ␣ QR ٪, where ␣ QR denotes the ordinary quantile regression estimate]. If the constant-effect hypothesis is not rejected, the distributional effect of the treatment may be captured by a single statistic, such as the mean or the median treatment effect. Also, failure to reject the hypothesis of no endogeneity suggests that the endogeneity bias is not statistically important and that standard QR estimates may be used. Chernozhukov and Hansen (2002) provides asymptotic theory for the IQR process and suggests a computationally attractive method for performing inference on the IQR process. Table 3 provides OLS and 2SLS results of the participation effect. These estimates serve as a benchmark for the quantile and instrumental quantile regression estimates presented later. In addition, they are interesting in their own right. Indeed, in the case of a constant treatment effect, these estimates would be sufficient to fully characterize the distributional effect of the treatment. 20 The first-stage estimates, reported in the third column of table 3, confirm that eligibility for a 401(k) is highly correlated with participation. In the full sample and within 16 The OLS and 2SLS estimates are based on analogous specifications. 17 We also considered alternative specifications of the covariate vector. However, the estimate of the treatment effect was found to be largely insensitive to the specification. The most substantial difference is that when the homeownership dummy was excluded, the results for total wealth closely tracked those of net financial assets across the entire distribution, indicating little or no substitution between 401(k) assets and other forms of wealth. All other results were very similar.
B. OLS and 2SLS Results
18 Estimation using a similar set of moment equations was considered by Abadie (1997) , who noted the computational difficulty in obtaining their solution. 19 The following discussion also applies to the coefficients of the covariates, ␤(). 20 The process tests reported below suggest that this is the case when the dependent variable is total wealth or net non-401(k) financial assets. each income category, the first-stage estimate is large, positive, and highly significant. Indeed, conditional on eligibility, the rest of the covariates have very small effects on 401(k) participation.
In the full sample, the 2SLS estimates are uniformly smaller than the OLS estimates, confirming the intuition that the OLS estimates should be upward biased. However, the biases appear to be modest, especially compared to the standard errors of the estimates. After accounting for endogeneity, the effect of 401(k) participation on both total wealth and net financial assets remains large and significant. Relative to the means, 401(k) participation increases net financial assets by approximately 70% and total wealth by approximately 14%. The magnitude of both effects is also quite similar, though slightly larger for net financial assets, suggesting little substitution between 401(k) assets and other forms of wealth. On the other hand, 401(k) participation has relatively little effect on net non-401(k) financial assets. Neither the OLS nor the 2SLS estimate of the effect of participation on net non-401(k) financial assets is significantly different from 0, and both are quite small in magnitude. Overall, these results suggest that the majority of the increase in net financial assets may be attributed to new saving due to 401(k) plans and not to substitution from other forms of wealth.
The results by income category provide additional evidence on substitution patterns. The loss of precision resulting from estimating the treatment effect within income categories makes drawing any firm conclusion difficult, but the patterns of the estimates are still quite interesting. 21 The effect of 401(k) participation on net financial assets is uniformly positive and significant and tends to increase as one moves from lower to higher income categories. This result appears to be consistent with the resource constraints of the different income groups. The results for net non-401(k) financial assets are never significantly different from 0. However, in all cases but one, the point estimate is negative and nonnegligible, which provides weak evidence that there is financial asset substitution that was obscured in the results obtained in the full sample. Though the results for total wealth show much less of a pattern as one looks across income categories, it can be seen that in no case is the effect significantly different from 0. The point estimates are uniformly positive and, in the majority of cases, are reasonably large. This again provides weak evidence that 401(k) participation increases total wealth by a modest amount, but that this increase is smaller than the increase to net financial assets, indicating substitution between assets held in 401(k)s and other assets.
C. Quantile Regression and Instrumental Quantile Regression Results: Full Sample
Though the OLS and 2SLS results presented above provide a summary statistic for the effect of the treatment, they fail to capture the distributional effect of 401(k) participation on wealth. To further explore that effect, in Figure 1 we report results obtained from both standard quantile regression and the instrumental quantile regression of Chernozhukov and Hansen (2001) . 21 In the following, we ignore estimates in the lowest income category, which are greatly influenced by outliers in the upper tail of the distribution and the small sample size. The influence of the upper tail is seen clearly in the quantile regression results presented below. The table reports OLS and 2SLS estimates of the effect of 401(k) participation on wealth. The second column contains the sample size used for the estimates in each row. The third column reports the first-stage coefficient estimate from a regression of 401(k) participation on 401(k) eligibility and covariates. Covariates are as described in the main text. Heteroskedasticity-robust standard errors are given in parentheses.
The left column of Figure 1 contains QR estimates of the effect of 401(k) participation on the wealth measures, and the right column presents the IQR estimates of the QTE. The shaded region in the first six panels represents the 95% confidence interval. 22 The last two panels plot the estimated effects for each of the dependent variables together, to provide a comparison of the magnitudes and to facilitate the discussion of substitution between the different wealth measures.
The results exhibit a number of striking features. First, the difference between the QR and IQR estimators is not dramatic. Both exhibit the same pattern of results, though there is some upward bias evident in the QR estimates. This bias is most evident in the estimates for net financial assets and net non-401(k) financial assets, but is hardly noticeable in the total wealth results.
Another interesting feature of the results is that the effect of participation on net financial assets is highly nonconstant, appearing to increase monotonically in the quantile index. This result suggests that, conditional on income and other observables, people who rank higher in the conditional wealth distribution are affected far more than those ranking lower in the conditional distribution. In addition, the effect is strongly positive across the entire distribution. Though these results correspond to our intuition, there is actually no other a priori reason to believe that net financial assets must react in this way. In particular, if people were simply 22 Standard errors were estimated using heteroskedasticity-consistent standard errors as in Powell (1984 Powell ( , 1986 and Buchinsky (1995) , using the methods outlined in Chernozhukov and Hansen (2001) . substituting financial assets held in 401(k)s for other forms of financial assets, the effect of 401(k) participation on net financial assets would be zero. These results provide strong evidence against this hypothesis at all quantiles.
The effect of 401(k) participation on total wealth relative to its effect on net financial assets also provides interesting insights. As with net non-401(k) financial assets, the effect of participating in a 401(k) on total wealth is roughly constant, though in this case it is uniformly positive. The most interesting feature of the effect on total wealth is that for low quantiles it is of almost the same magnitude as the effect on net financial assets, whereas it is substantially smaller than the effect on net financial assets in the upper tail of the distribution. Taken together, these findings suggest that the increase in net financial assets observed in the lower tail of the conditional assets distribution can be interpreted as an increase in wealth, while the increase in the upper tail of the distribution is being mitigated by substitution with some other (nonfinancial) component of wealth. However, even for the highest quantiles, the substitution does not appear to be complete.
A final outstanding feature of the results is the indication that 2SLS estimates substantially overstate the treatment effect across a large range of the net financial asset distribution. In fact, the 2SLS estimates of the treatment effect on net financial assets correspond much more closely to the treatment effect at the 75th percentile of the distribution than to that of the median.
In order to strengthen and further develop our conclusions, we present test results based on the empirical instrumental quantile regression process computed using the methods of Chernozhukov and Hansen (2002) . KolmogorovSmirnov (KS) test statistics and 95% critical values are given in table 4. The test results lend further support to the conclusions already drawn. The tests strongly reject the hypothesis that the effect of 401(k) participation on net financial assets is constant and confirm that it is significantly different from 0. In addition, we see that the hypothesis of exogeneity of treatment is rejected for net financial assets. However, the tests fail to reject both the hypothesis of a constant treatment effect (equal to the median effect) and the hypothesis of exogeneity for total wealth and net non-401(k) financial assets. That the treatment effect for both total wealth and net non-401(k) financial assets is statistically constant adds further credibility to the conclusion that there is little substitution between 401(k) assets and other forms of wealth in the low tail of the assets distribution but that there is substantial substitution in the upper tail. In addition, the results of the exogeneity tests provide some evidence that there is endogeneity bias in the conventional QR estimates of the treatment effects.
D. Quantile Regression and Instrumental Quantile Regression Results: By Income Interval
As with the analysis of the mean effect presented above, additional insights into the QTE may be gained by examining the effect of 401(k) participation on our chosen wealth measures within the income interval. The independence assumption A2 may also be more plausible within income categories, due to the finer conditioning on income; for the arguments of Poterba et al. (1995) suggest that 401(k) eligibility is as good as randomly assigned once income is conditioned upon. Of course, the estimates within income category do suffer from a loss of precision relative to estimates obtained with a coarser income control, which makes drawing firm inferences more difficult.
IQR estimation results by income category are reported in figures 2-5. 23 The figures are arranged by dependent variable, with figure 2 corresponding to net financial assets, figure 3 to net non-401(k) financial assets, and figure 4 to total wealth. In all cases, the shaded region represents the 95% confidence interval. 24 Figure 5 contains plots of the estimated effects for each of the dependent variables together, to facilitate comparison of the magnitudes. Table 5 reports process test results.
Within income categories, the results for net financial assets follow roughly the same pattern as the results in the full sample. In all categories, the results are generally increasing in the quantile index, and in all but the first income category, the process tests reveal that the treatment effect is different from 0. In addition, the hypothesis of a constant effect is rejected in all but the first and last income categories. As would be expected, the magnitudes of the results increases as income increases. The point estimates in the first category are close to 0 across the majority of the quantiles, suggesting that participation in a 401(k) has little effect on those with incomes less than $10,000. Also, in each income interval, the results are fairly constant and quite modest for quantiles below the median. Overall, these results indicate that 401(k) participation increases accumulated net financial assets in all, except possibly the first, income categories, but that these effects may be quite modest through much of the distribution.
As with the results in the full sample, the estimated treatment effect of 401(k) participation on net non-401(k) 23 QR results are not reported, but are quite similar to the IQR results. 24 Standard errors were estimated using heteroskedasticity-consistent standard errors as in Powell (1984 Powell ( , 1986 and Buchinsky (1995) , using the methods outlined in Chernozhukov and Hansen (2001) . The table reports inference results on the inverse quantile regression process. Reported are KolmogorovSmirnov statistics and 95% critical values. The statistics and critical values are computed using the methods in Chernozhukov and Hansen (2002) . The null hypotheses tested are as follows: no effect, ␣٪ ϭ 0; constant effect, ␣٪ ϭ ␣(0.5); exogeneity, ␣٪ ϭ ␣QR٪-where ␣٪ denotes the instrumental quantile regression process and ␣QR٪ denotes the quantile regression process. financial assets is not significantly different from 0 in any case. The point estimates are also generally quite small, though they do exhibit some tendency to be negative more often than positive. This negative tendency provides weak evidence for some substitution between financial assets held in 401(k)s and other forms of financial assets. That this negative tendency appears to be most pronounced for low quantiles also suggests that those with low preferences for saving, who probably have relatively little in the form of financial assets, are choosing to accumulate assets within 401(k)s instead of elsewhere, whereas those with higher preferences for saving are saving in both locations.
The results for the effect of 401(k) participation on total wealth are the most varied across income categories, though the lack of precision makes comparison difficult. One result which is quite interesting is that, within the lowest income category, there appear to be extreme outliers in the upper tail of the distribution. Examining the quantile results within the first income category suggests there is little effect of 401(k) participation on wealth across the majority of the wealth distribution. However, at approximately the 60th percentile the effects increase dramatically. These large effects in the upper tail also explain the anomalous OLS and 2SLS results within the first income category illustrated in table 2. The process test of no effect does not reject within the first income category, which seems to be a plausible conclusion given the small effect for most quantiles. It is also interesting that in the highest income category the estimated participation effect on total wealth is close to 0 in the upper quantiles of the wealth distribution, whereas the estimated effect on net financial assets is quite large, suggesting a large amount of substitution in these quantiles. Overall, it is difficult to draw any firm conclusions, due to the large estimated standard errors of the effects. However, one robust finding seems to be that the estimated effect of participation on total wealth and the estimated effect of participation on net financial assets are quite similar in the lower tail of the wealth distribution, which suggests that participation in 401(k) plans stimulates asset accumulation of those with low preferences for saving.
A final interesting note is that, within income categories, the hypothesis of the exogeneity of 401(k) participation is never rejected. This could be because, conditional on income and other covariates, 401(k) participation is as good as randomly assigned, or it could be driven by small sample size and the lack of precision of the estimates. We choose to focus on the IQR estimates because they are robust to endogeneity, but there is no statistical evidence that endogeneity is present. Abadie et al. (2002) One key criticism of the approach pursued thus far in this paper is that employer matching practices may invalidate the similarity assumption required in the model in Section II. However, because both the instrument and endogenous variable are binary, the model and approach of Abadie et al. (2002) apply. A comparison between the results from the two approaches then provides a specification check of the developed results. The estimator of Abadie et al. (2002) is developed within the LATE framework of Imbens and Angrist (1994) . In particular, Abadie et al. (2002) show that if Because only individuals eligible for a 401(k) can participate, monotonicity holds trivially, and the QTE for compliers corresponds to the QTE for the treated, which will correspond to the quantity identified by the IVQT model of section II if the treated are representative of the population and the assumptions of the IVQT model are satisfied.
E. Comparison with
Given that the two models are mutually compatible under the conditions outlined above and the monotonicity assumption of Abadie et al. (2002) al. (2002) in the full sample and comparisons with corresponding IQR estimates. 25 From this exercise, we see that the patterns of results obtained from the two estimators are quite similar, the major differences being that the estimates by Abadie et al. (2002) of the effects of 401(k) participation on total wealth and on net non-401(k) financial assets appear to be even more constant than those obtained through IQR. 26 It appears that the difference in the estimates is small relative to sampling variation and that one would not draw substantively different conclusions from either set of estimates. The striking similarity between the estimates provides further support for the IQR results discussed above and strongly suggests that employer matching of 401(k) contributions does not result in failure of rank similarity. 25 The estimator of Abadie et al. (2002) may be computed by running weighted quantile regression, where the weights are nonparametrically estimated. In our analysis, we used series methods to estimate the weights. The exact parameterization used to estimate the weights is available upon request. We also found that the overall results were not sensitive to the exact specification used to estimate the weights. 26 Estimates using the estimator of Abadie et al. (2002) within income categories were also very similar to the IQR estimates previously reported. 
F. Overall Conclusions and Cautions
Overall, the results indicate that 401(k) participation increases accumulation of net financial assets. The results suggest that the effect on net financial assets is increasing as one approaches the upper tail of the net financial asset distribution. Estimates for the effect of 401(k) participation on total wealth and net non-401(k) financial assets are approximately constant and indicate that 401(k) participation generally increases total wealth but has little effect on net non-401(k) financial assets. We interpret these results as indicating that participation in 401(k)s increases total wealth and that there is little substitution between financial assets in 401(k)s and other financial assets. In addition, the results suggest that there is substitution between assets held in 401(k)s and other components of wealth in the upper tail of the wealth distribution, but that most financial assets held in 401(k)s in the lower tail of the distribution represent new savings. This has important policy implications, as the people in the low tail of the net financial asset distribution are also likely to be the people with the lowest retirement savings.
The estimates also clearly indicate the inability of a single summary statistic, such as the 2SLS regression estimate of the treatment effect, to provide a clear picture of the effect of a program on the distribution of the outcomes of interest. The 2SLS estimate for the effect of 401(k) participation on net financial assets appears to overstate the actual treatment across much of the distribution, corresponding most closely to the estimates for the upper tail of the asset distribution. In addition, the single summary statistic provided by 2SLS or OLS obscures the regions where divergences between the effect of 401(k) participation on the different wealth measures occur and thus do not provide as full a description of the program's effect as the quantile-based methods.
Though we feel that this paper provides insight into the effect of 401(k) participation on wealth, it does suffer from limitations. First, all of the dependent variables used in this analysis represent stocks of assets rather than the flow of savings. The accumulated level of assets is interesting because it provides a summary of a person's wealth and the resources that are available to the individual. However, they are not sufficient to capture the effect of the program on savings. In particular, given employer matching and the tax-advantaged nature of 401(k) saving, it may be possible to have a large increase in accumulated assets with little change in the individual's flow of savings. Second, the data available in the SIPP do not report all sources of pension wealth. In particular, the SIPP does not contain information on assets held in DB plans or defined contribution plans other than IRAs and 401(k)s. The lack of these data could bias the results upward if 401(k) assets are substituting for these other forms of assets. Although evidence from Poterba, Venti, and Wise (2001) and Papke, Peterson, and Poterba (1996) is consistent with the view that 401(k)s rarely cause DB termination, it does not preclude substantial substitution between the different forms of pensions.
V. Conclusion
In this paper, we apply the instrumental quantile regression model and estimators developed in Chernozhukov and Hansen (2001) and Chernozhukov and Hansen (2002) to data from the SIPP, which have previously been used by Poterba et al. (1996) , Abadie (2003) , Benjamin (2003) , and Engen, Gale, and Scholz (1996) to examine the effects of 401(k) plans on savings. Following Poterba et al. (1996) , Abadie (2003) , and Benjamin (2003) , we use 401(k) eligibility as an instrument for 401(k) participation to estimate the QTEs of participation in a 401(k) plan on various wealth measures. The QTEs provide a fuller characterization of the effect of 401(k) participation on savings than do conventional IV methods and supplement those methods by providing a more detailed description of the distributional effect of 401(k) program participation. The table reports inference results on the inverse quantile regression process computed by income interval. Reported are Kolmogorov-Smirnov statistics and 95% critical values. The statistics and critical values are computed using the methods in Chernozhukov and Hansen (2002) . The null hypotheses tested are as follows: no effect, ␣٪ ϭ 0; constant effect, ␣٪ ϭ ␣(0.5); exogeneity, ␣٪ ϭ ␣QR٪, where ␣٪ denotes the instrumental quantile regression process and ␣QR٪ denotes the quantile regression process.
The IQR estimates suggest that the effect of 401(k) participation on net financial assets is quite heterogeneous, with the largest returns accruing to those who are in the upper tail of the assets distribution. The results also indicate that the effect of 401(k) participation on net financial assets is positive and significant over the entire range of the asset distribution and that the effect is monotonically increasing in the quantile index. Effects on total wealth and net non-401(k) financial assets, on the other hand, appear to be constant, and the effect on net non-401(k) financial assets is not significantly different from 0, whereas the effect on total wealth is positive and significant. Overall, the results suggest that participation in 401(k)s increases net financial assets across the asset distribution, but that this effect is mitigated by substitution with other forms of wealth in the upper tail of the distribution. They also demonstrate that estimates of treatment effects which focus on a single feature of the outcome distribution may fail to capture the full effect of the treatment and that examining additional features may enhance our understanding of the economic relationships involved.
